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Introduction 

tendency of the fuels t o  foul and slag. A large number of correlations based on 
the oxides of an ash produced in the laboratory ex i s t  ( 1 , Z ) .  The success o f  these 
correlations has been limited t o  the range of ash properties for which they were 
developed, and even then, these relationships may be unreliable. For instance, 
existing correlations can predict whether a fuel will create deposition problems 
i n  boilers rarely,  occassional l y ,  or frequently for  approximately 50 percent of 
the fuels. An accuracy only s l i gh t ly  better t h a n  random guess (3 ) .  

Potential problems using available techniques have been discussed in the l i t -  
erature (2,3,4,5). 

Proper design and operation of coal-fired boilers requires prediction of the 

The problems resul t  from: 
Preparation and analysis of the ash ( 6 )  

0 Ignoring the dis t r ibut ion and individual nature of mineral 
matter (4 ,6 )  
Neglecting the influence of ash content (7)  
Ignoring the design of the boilers including heat release r a t e ,  
heat fluxes and velocity profiles (3,8,9) 

In  addition the correlation should n o t  be used for  coals with properties outside 
the range fo r  which the correlations were developed. 

dict  performance, effor ts  t o  develop and verify new techniques to  predict prefor- 
mance, and application of these techniques t o  predict the slagging and fouling 
behavior of European brown coals. 

This paper describes the limited success of applying such techniques t o  pre- 

Prediction of Slaggi ng Performance 
Slaggirig performance of coals in boilers has been predicted by: 

0 temperature of c r i t i c a l  viscosity,  
0 the base t o  acid r a t io ,  
0 and the..base t o  acid r a t io  multiplied by the sulfur content of 

the coal. 
Predictions of slagging and fouling using these relationships are  compared 

t o  boiler performance f o r  the s ix  European brown coals l i s t ed  in Table 1 .  The 
calculated indicies and estimated and actual performance of the fuels are shown in 
Table 2.  

changes from plast ic  to Newtonian behavior. 
by soot blowing. As a consequence, fuels with low temperatures of c r i t i c a l  vis- 

The temperature of c r i t i c a l  viscosity i s  the teqperature a t  which the slag 
Plast ic  slags are d i f f i cu l t  t o  remove 
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c o s i t y  a re  expected t o  form d i f f i c u l t  t o  remove p l a s t i c  and mol ten s lags more 
r e a d i l y  than o t h e r  f u e l s .  

t he  measurements a r e  t ime consuming and expensive and the  temperature a t  c r i t i c a l  
v i s c o s i t y  i s  u s u a l l y  est imated u s i n g  emperical formulae. For  instance,  Watt and 
Fereday (10) developed 

The temperature a t  c r i t i c a l  v i s c o s i t y  can be measured i n  a viscometer, b u t  

TE = d&+ 150 i n  OC 

where S i02  + + Fez03 + CaO + MgO = 1 2 ) .  
and m = 0.835 Si02 + 0.601 Ai203 - 0.109 3) .  

c = 4.15 Si02 + 1.92 Ai203 4 ) .  
The temperature a t  c r i t i c a l  v i s c o s i t y  probably  does n o t  adequately p r e d i c t  

s lagging behavior  o f  t he  s i x  European brown coa ls  o f  t h i s  s tudy.  The q u a l i t a t i v e  
r e l a t i o n s h i p  between depos i t s  formed i n  a b o i l e r  and t h e  temperature of c r i t i c a l  
v i s c o s i t y  est imated by t h e  technique o f  Watt and Fereday (10) i s  shown i n  F igu re  
l a .  The data appear t o  c o r r e l a t e  w i t h  observat ions,  b u t  p r e d i c t  improved per for -  
mance a t  an i n te rmed ia te  temperature o f  c r i t i c a l  v i s c o s i t y .  
f o r  t h i s  and the c o r r e l a t i o n  may be f o r t u i t i o u s .  

ab l y  does n o t  c o r r e l a t e  t h e  s lagg ing  data e i t h e r .  
t o  a c i d  r a t i o  appears t o  c o r r e l a t e  the  p r e d i c t i o n  o f  performance o f  brown coa ls  
i n  b o i l e r s .  
r a t i o  o f  0.3. This  i s  q u i t e  p o s s i b l e  wi th t h e  fo rma t ion  o f  e u t e t i c s .  However, 
comparison o f  F igure l a  and l b  shows t h e  curves a r e  reve rsed  and t h e  p r e d i c t i o n  o f  
performance o f  a l l  t h e  f u e l s  f a l l  i n  t h e  same r e l a t i v e  p o s i t i o n  on bo th  curves. 
This again leads t o  u n c e r t a i n t y  as t o  t h e  reasonableness and t h e  r e l i a b i l i t y  o f  
t h e  c o r r e l a t i o n s  i n  F igu re  1. 

t h e  f u e l s  i n  the  b o i l e r s .  

by A t t i g  and Duzy (11). 
CaO + MgO b u t  i s  a p p l i e d  t o  a l l  ashes i n  t h i s  study. Only two o f  t h e  ashes' i j  
t h i s  study have Fe2Og)CaO f MgO. L e i p z i g  has about equal amounts and Nordbohmen 
has g rea te r  Fez03 than CaO + MgO. The base t o  a c i d  r a t i o  (shown i n  F igu re  2a) i s  
recomnended t o  c o r r e l a t e  s lagg ing  behavior of ashes w i t h  CaO + MgO>Fe 03 (11) .  
F ive o f  t he  fue l s  c o r r e l a t e  reasonably w i t h  Rs b u t  t h e  s lagg ing  o f  Norzbohrnen was 
g r e a t l y  underestimated. However,, t h i s  f u e l  was t h e  o n l y  one wi th s i g n i f i c a n t l y  
g rea te r  Fez03 than CaO + MgO and.might n o t  c o r r e l a t e  wi th t h e  o t h e r  f i v e  f u e l s .  

f ac to r .  
def ined as: 

No reason i s  known 

The base t o  a c i d  r a t i o  i s  the reverse o f  t h e  p rev ious  r e l a t i o n s h i p  and prob- 

This r e l a t i o n s h i p  p r e d i c t s  optimum performance a t  a base t o  a c i d  

F igu re  l b  shows t h a t  t h e  base 

The standard s lagg ing  f a c t o r ,  Rg, cou ld  n o t  c o r r e l a t e  t h e  performance of a l l  
The s lagging f a c t o r  i s  defined as 

Rs = 0/A * S 5). 
Th is  equat ion i s  suggested f o r  ashes which have Fe 0 > 

A good c o r r e l a t i o n  o f  a l l  s i x  f u e l s  was developed by mod i f y ing  the  s lagg ing  
The r e l a t i o n s h i p  i s  shown i n  F igu re  2b where t h e  s l a g g i n g  f a c t o r ,  f,, i s  

f, = 1.7 + 1.7 Si02* + 0.8 Ai2O3* - 6.0 (S)O$ke 6 ) .  
-2.2 (CaO* + MgO*) - 1.9S03* - 1.3 ( A l k P  

where fs = 0 is  s t rong  s lagg ing  
and f S  = 1 i s  no s lagg ing  
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and [ I* = r I* 
1- Si02 t SiOzcorr 

7 ) .  

Ci02corr = 823 rso3 2'65- exp (-9.45 rso3) Fe203 8 ) .  

9).  
%I.--. 

rS03 = 1-S102 
where S i s  the weight percent su l f e r  i n  the coal as received and a l l  other compo- 
s i t i ons  are weight percent of the ash. 

Predictions of Fouling Performance 
The fouling performance of the s ix  brown coals of this  study could not be ad- 

equately predicted by existing o r  new techniques. 
coals w i t h  CaO + MgO>FepO3 i s  usually predicted by the sodium content of the ash. 
Figure 3a shows the correlation of the qual i ta t ive  observation of fouling in 
boilers w i t h  the a lka l i  (Na 0 plus K 0 )  content of the ash. All the coals except 
Ungarn correlate with the  a?kali cedent of the ash. However, no explanation iS 
available fo r  the fouling of the Ungarn which had 0.0 a lka l i  content in the ash. 
A new fouling fac tor ,  f F s  

The fouling performance of 

( 7 )  was moderately successful, Figure 3b, i n  
correlating the fouling performance of coals. 
ex is t s  i n  the relationship.  

However, considerable sca t t e r  s t i l l  

P i lo t  Scale Prediction o f  Fouling and Slaqqing Performance 

the analysis of the oxides o f  ashes produced in laboratory apparatus has prompted 
the Technical University of Dresden t o  develop p i lo t  scale t e s t s  t o  predict slag- 
ging and fouling of ashes in boilers.  
which determine slagging and fouling charac te r i s t ics  of fuels not determined by 
current laboratory o r  other small scale t e s t s .  The f i r s t ,  determines the fouling 
and slagging of the fuel under d i f fe ren t  combustion conditions. 
the coal i s  burned i n  a small drop t u b e  furnace. The level o f  oxygen and the 
thermal environment of combustion are changed. The par t ic le  temperatures a re  
measured w i t h  thermographic techniques and the nature and deposition r a t e  evalu- 
ated. 
t i o n  history i n  boilers and avoids production of a n  a r t i f i ca l  mean ash. This 
technique does not account f o r  a s h  t ra jec tor ies  in boilers.  

mined i n  a second t e s t .  In t h i s  t e s t ,  the coal i s  burned i n  a small cyclone com- 
bustion chamber. 
history of ashes i n  boilers.  In addition, a cyclone chamber subjects the coal t o  
centrifugal forces, which allows the ab i l i t y  of the f l y  ash particles t o  follow 
streamlines to  be assessed. 

performance of European brown coals i s  currently being evaluated. 
su l t s  are promising. 

The limited success of predicting fouling and slagging performance based upon 

Two t e s t s  a re  currently being evaluated 

In this t e s t ,  

Such a technique can simulate the limits of the time temperature concentra- 

The tendency of ash to  follow streamlines o r  deposit on surfaces i s  deter-  

This chamber can a l so  simulate the l imits of time a n d  temperature 

The ab i l i t y  of these p i lo t  scaled t e s t s  t o  predict the slagging and fouling 
Preliminary re- 
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